T
he insulin-sensitizing effect of adiponectin (1-4) is mediated via adiponectin receptors (AdipoR1 and AdipoR2) (5). AdipoR1 is abundantly expressed in skeletal muscle, whereas AdipoR2 is also expressed in the liver, with lower levels of expression in skeletal muscle (5). Both receptors are expressed in adipose tissue (6) and pancreatic ␤-cells (7). It has been shown recently that expression of AdipoRs in human skeletal muscle is correlated with insulin sensitivity (8). Because central obesity is associated with insulin resistance, we have undertaken detailed measurements of body fatness with bioimpedance, dualenergy X-ray absorbtiometry (DEXA), and five-slice magnetic resonance imaging (MRI) through the abdomen. We have determined whether expression of AdipoRs was associated with body fatness and in particular with measures of central obesity.
RESEARCH DESIGN AND METHODS -The study protocol was undertaken with local research ethics committee approval, and informed consent was obtained from all subjects. Fifteen middle-aged (42-64, mean age 53.2 Ϯ 5.8 years), healthy Caucasian men with a wide range of BMIs (21-39 kg/m 2 , 30.63 Ϯ 5.48) were recruited. Waist circumference was measured over bare skin midway between the costal margin and the iliac crest. Percentage of body fat was measured using bioelectrical impedance (Bodystat 1500; Bodystat, Isle of Man, U.K.). DEXA scanning was undertaken on a Delphi W instrument (Hologic, Bedford, MA) using a standard visual method to divide images into trunk, limb, and head. Detailed information about visceral fat was obtained from MRI images from five noncontinuous slices extending from 5 cm below to 15 cm above L4-L5 (9). A 3-h hyperinsulinemic-euglycemic clamp was performed with insulin infused at 1.5 mU ⅐ kg Ϫ1 min Ϫ1 and whole blood glucose clamped at 5 mmol/l. The glucose infusion rate in the final steady state was used as a measure of skeletal muscle insulin sensitivity (M value). Fat insulin sensitivity was assessed by percentage free fatty acid (FFA) suppression [FFA (time) Ϫ FFA (fast)]/FFA (time) on a 75-g oral glucose tolerance test (3,10 -13). Plasma adiponectin and leptin concentrations were analyzed using an ELISA kit (R & D Systems Europe).
Skeletal muscle tissue was obtained before the clamp by Bergstrom needle biopsy of the vastus lateralis muscle in the subjects' thighs (14) , total RNA was prepared from muscle biopsy (15) , and RNA concentrations were quantified by spectrophotometry. Primer sequences for quantitative competitive RT-PCR were GACTATTCAGGGATTGCTCT (sense) and CGGAATTCCTGAAGGTTGGA (antisense) for human AdipoR1 (NM_ 015999) and TCGCCCAAATATCTCC TTTG (sense) and CATCAGCATCAACC AGCCTA (antisense) for AdipoR2 (NM_ 024551). mRNA levels were quantified using a reproducible and accurate quantitative competitive RT-PCR method (16 -18) .
Normally distributed data are presented as means Ϯ SD. Skewed data were normalized by logarithmic transformation before Pearson correlation analysis using SPSS software (version 10.1.0; SPSS, Chicago, IL). Correlation was considered to be significant at P Ͻ 0.05.
RESULTS -Plasma adiponectin concentrations were negatively correlated with BMI (r ϭ Ϫ0.79, P Ͻ 0.001), waist circumference (r ϭ Ϫ0.80, P Ͻ 0.001), and positively correlated with skeletal muscle insulin sensitivity (M values, r ϭ 0.71, P ϭ 0.001), which were consistent with previous findings (2,3, 19, 20) .
mRNA levels of AdipoR1 and -R2 in skeletal muscle were ϳ0.262 Ϯ 0.135 and ϳ0.054 Ϯ 0.031 amol/g total RNA, respectively, and varied markedly between individuals (AdipoR1 0.046 -0.63 and AdipoR2 0.0032-0.094 amol/g total RNA). mRNA concentrations of AdipoR1 were approximately fourfold greater than those of AdipoR2 (P Ͻ 0.0001) and were strongly correlated with each other (r ϭ 0.63, P ϭ 0.006). These in vivo data were consistent with data obtained from human myotubes (21) .
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(M values, r ϭ 0.41; P ϭ 0.063), which were consistent with data obtained from Mexican Americans (8) and animal studies (22) . In contrast, mRNA levels of AdipoR1 and -R2 did not correlate with insulin sensitivity in fat assessed by percentage of FFA suppression.
mRNA levels of AdipoR1 were correlated with different measures of body and truncal fat, including waist circumference and truncal fat by DEXA (Table 1) . There was a similar trend toward significant correlation between mRNA levels of AdipoR1 and total fat by DEXA or bioimpedance and plasma leptin level (P ϭ 0.086, Table 1 ), a marker of fat mass (23, 24) . Plasma leptin levels were strongly correlated with total fat (r ϭ 0.85, P Ͻ 0.001) or trunk fat (r ϭ 0.85, P Ͻ 0.001) measured on DEXA. In contrast, there was no significant association between mRNA levels of AdipoR1 and lean mass measured by DEXA (r ϭ Ϫ0.058, P ϭ 0.42) and MRI visceral fat (P ϭ 0.29, Table 1 ). No significant correlations between mRNA levels of AdipoR2 and measures of body fat (Table 1) and plasma leptin level were observed (Table 1) . mRNA levels of AdipoR2 were correlated with fasting plasma FFA concentrations (r ϭ Ϫ0.48, P ϭ 0.036). In contrast, there was no significant correlation between AdipoR1 and age (r ϭ 0.092, P ϭ 0.37), fasting plasma triglycerides (r ϭ Ϫ 0.043, P ϭ 0.44), cholesterol (r ϭ 0.022, P ϭ 0.47), HDL cholesterol (r ϭ 0.11, P ϭ 0.35), FFA (r ϭ Ϫ0.11, P ϭ 0.35), and adiponectin concentrations (r ϭ 0.19, P ϭ 0.25). Similarly, no significant correlations were found between AdipoR2 mRNA levels and age (r ϭ Ϫ0.001, P ϭ 0.50), fasting plasma triglycerides (r ϭ Ϫ0.075, P ϭ 0.40), cholesterol (r ϭ Ϫ0.18, P ϭ 0.27), HDL cholesterol (r ϭ Ϫ0.07, P ϭ 0.40), and adiponectin concentrations (r ϭ 0.064, P ϭ 0.41).
Multivariate stepwise linear regression modeling showed that percentage truncal fat by DEXA independently predicted AdipoR1 mRNA levels in a model including M values. Approximately 27.5% (r 2 ϭ 0.275, P Ͻ 0.05) of the variation in skeletal muscle AdipoR1 could be explained by percentage truncal fat.
CONCLUSIONS -Skeletal muscle
AdipoR1 expression is independently and inversely correlated with measures of central obesity including waist circumference and truncal fat by DEXA, suggesting a novel mechanism linking skeletal muscle adiponectin signaling, central obesity, and insulin resistance. Further studies are required to determine whether muscle AdipoR1 expression is regulated by insulin or molecules released from adipocytes such as FFA (because fasting FFA concentration is associated with AdipoR2) and adipokines (such as leptin). 
